Objectives-This study aimed to ascertain the association between levator avulsion and pelvic organ prolapse (POP).
F emale pelvic organ prolapse (POP) is a common problem, with a prevalence of 12% to 50%, varying widely depending on the population studied and classification used at diagnosis. 1, 2 It is symptomatic in 3% to 20%, with a 20% lifetime risk of undergoing surgery by the age of 80, an annual risk of 4.3 per 1000 women, and up to 30% reoperation rate. [3] [4] [5] [6] [7] It affects women's quality of life significantly by causing mechanical discomfort due to the "lump in the vagina," associated urinary incontinence, sexual dysfunction, and defecatory problems. 1, 8, 9 It is estimated that POP causes a disabilityadjusted life years loss of 19.0 and 10.3 years in 40-and 60-year-old women, respectively. 10 It also involves considerable utilization of health care resources, with a direct cost of up to US$1012 million for surgical procedures and hospitalization in the United States in 1997. 11 The number of procedures performed for POP is predicted to increase substantially over the next 40 years from 166,000 in 2010 to 245,970 in 2050. 12 Despite being a common condition, the etiology of POP is still poorly understood. Multiple factors have been suggested, including collagen deficiency, reduced collagen I:III ratio, defective fibroblastic procollagen synthesis, obesity, aging, menopause, and childbirth-related pelvic floor trauma such as levator ani muscle (LAM) trauma and denervation of the pelvic floor. 2, 4, [13] [14] [15] [16] [17] [18] Evidence from epidemiologic, observational cohort, and biochemical (at cellular level) studies suggests the paramount role of vaginal birth and related injuries including LAM trauma in the etiology of POP. 4, 13, 14, 16, [19] [20] [21] LAM trauma in the form of an avulsion (traumatic detachment from the pubic rami) or hiatal overdistention (microtrauma) following the sudden distention of the LAM in the second stage of labor, has been shown to be associated with POP and its recurrence after a reconstructive surgery. [22] [23] [24] [25] Most studies in the current literature assessing this relationship involved symptomatic cohorts. Only a few studied asymptomatic cohorts. This study seeks to ascertain the association between levator avulsion and POP, in an asymptomatic cohort, 20 years after an index birth. Our hypothesis was "levator ani avulsion is associated with female pelvic organ prolapse."
Materials and Methods
This was a cross-sectional study, approved by the New Zealand Health and Disability Ethics Committee (LRS/ 05/04/009/AM01) involving 195 women enrolled in the Dunedin arm of the ProLong (Prolapse and incontinence Long-Term (ProLong) study 26 seen between March and April 2014. They were seen for a 20-year review after an index birth and were identified from the parent study database of 1228 women who had their index birth in Queen Mary Maternity Centre, Dunedin, New Zealand, between October 1993 and December 1994 (see Figure 1 ). All women were invited in writing to participate. Deceased women and those who declined further participation were excluded. Demographic and clinical information including medical, obstetric, and gynecologic history and symptoms of pelvic floor and sexual dysfunction were obtained through standardized, Atan et al-Levator Avulsion and Pelvic Organ Prolapse validated, patient-administered questionnaires that were mailed to participants. Details on the index pregnancy and delivery were obtained from hospital records.
Questionnaire respondents were invited to attend a clinical assessment which included assessment of pelvic organ support using the International Continence Society Pelvic Organ Prolapse Quantification (ICS-POP-Q) 27 followed by a 4D translabial ultrasound (TLUS). The latter was performed postvoid, in the supine position at rest, on pelvic floor muscle contraction and maximal Valsalva maneuver, utilizing the GE Voluson E8 System (GE Healthcare, Zipf, Austria), with 8-4MHz curved array volume transducer, at an acquisition angle set to the system maximum of 85 8, as previously described. 28 The transducer was covered with a nonpowdered glove to avoid cross infection. A midsagittal view of the pelvic floor involving all 3 compartments was obtained by placing the transducer in a sagittal direction between the labia, against the symphysis pubis without causing discomfort ( Figure 2A ). This will give a image that includes the symphysis pubis (SP) anteriorly, urethra, bladder and the bladder neck, vagina, cervix, rectum, anal canal, and the central portion of the LAM (puborectalis muscle) ( Figure 2B ), which was identified as the hyperechoic region posterior to the anorectal junction.
A minimum of 3 ultrasound volumes on Valsalva maneuver, lasting for at least 6 seconds each, were acquired. 29 The volume demonstrating the greatest degree of pelvic organ descent was used for pelvic organ descent and hiatal area on Valsalva. TLUS was performed by a single operator, that is, the first author, a urogynecologist who has performed and interpreted more than 1000 TLUSs. The clinical examination was performed prior to TLUS by the second author, who is a gynecologist. Physical examination and TLUS were performed blinded against all clinical data. TLUS was performed blinded against examination findings.
Postimaging analysis of TLUS volumes for the assessment of LAM integrity, levator avulsion defect (LAD) scores, and pelvic organ descent was undertaken by the first author, at a later date, using proprietary software (4D View version 9.0; GE Medical Systems, Zipf, Austria), blinded against all other data. Levator integrity and LAD scores were assessed on tomographic ultrasound imaging acquired on pelvic floor muscle contraction, at 2.5-mm interslice intervals in the axial plane, from 5 mm caudal to 12.5 mm cranial of the plane of minimal hiatal dimensions, incorporating the entire puborectalis muscle. The plane of minimal hiatal dimensions (represented as the horizontal line between points c and d in Figure 3 ) is the level where the distance between the inferoposterior margin of the symphysis pubis (point c) and the anterior border of LAM (point d) is the shortest as identified in the orthogonal midsagittal view. LAM avulsion was diagnosed in the presence of a discontinuity between the insertion of the puborectalis muscle and the pelvic sidewall in 3 central slices (ie, slices 3, 4, and 5 in Figure 4 ). 30 LAD scores were determined according to the number of slices in which detachment of the puborectalis muscle from its insertion was documented, in the 6 cranial slices (slices 3-8) bilaterally, yielding a maximum score of 12 ( Figure 4 ). In doubtful cases, measurement of the levator-urethra gap was used, with measurements 2.5 cm or greater being regarded as abnormal. 31, 33 Pelvic organ descent on TLUS was determined on volumes acquired on maximal Valsalva and was measured relative to a line placed through the inferoposterior margin of the SP, in the midsagittal plane ( Figure 5 ). 34 Measurements were given in millimeters, with negative values signifying descent below this line (ie, below the SP). Hiatal area on maximum Valsalva was obtained in the axial plane using rendered volume, with the area of interest set at 1 to 2 cm in thickness incorporating the plane of minimal hiatal dimensions 35 (see Figure 3 ). The main outcome measures were objective POP clinically (Ba, C, Bp, and Gh 1 Pb as defined by the ICS-POP-Q) 27 and sonographically (pelvic organ descent and hiatal area on Valsalva) on TLUS. "Clinically significant POP" was defined as ICS-POP-Q Stage 2 or higher in the anterior and posterior compartment, and Stage 1 or higher centrally. 36 "Sonographically Atan et al-Levator Avulsion and Pelvic Organ Prolapse significant POP" was determined on the basis of previously published cutoffs, that is, 10 mm or more below the SP for a cystocoele and 15 mm or more below the SP for the rectal ampulla, and to the level of SP or lower for enterocele. 37 Significant uterine descent was defined as descent of the uterus to 15 mm above the SP or lower. 38 Statistical analyses were undertaken using statistical software (SPSS version 20; SPSS, Chicago, IL, USA). Normality of continuous data was assessed using the Kolmogorov Smirnov method. Association between binary variables was analyzed using the v 2 test, and differences were expressed as odds ratios (ORs) and 95% confidence intervals (CIs). Comparison of means and medians, of normally and nonnormally distributed data were analyzed using the t test and Mann-Whitney U test, respectively. Correlation between 2 continuous variables were analyzed using the Spearman correlation and results expressed as the Spearman correlation coefficient (q). The areas under the curve, using receiver operating characteristics statistics, were used to describe the performance of the LAD scores in predicting symptoms and signs of POP. Multivariate analysis controlling for potential confounders (determined from univariate analysis against objective POP; ie, P .1) such as age, BMI, and instrumental delivery was performed using multivariate linear regression test. P < .05 was considered as statistically significant.
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Results
Of 1228 women who gave birth at Queen Mary Maternity Centre between October 1993 and December 1994, 57 were excluded (deceased or declined further contact), leaving 1171 to whom the questionnaires were mailed. Questionnaire response rate was 39% (n 5 453), of which 195 women consented and returned for clinical assessment (Figure 1) 2-3; range, 1-14) . Ninety-one percent (n 5 176) were parous women who had delivered vaginally with a median parity of 2 (IQR, 2-3; range, 1-6). Nine percent (n 5 18) were delivered exclusively by cesarean delivery. Mean age at first birth was 27.0 (SD, 4.9; range, 16.3-38.3) years. Twenty-three percent (n 5 57) and 6% (n 5 12) gave a history of instrumental delivery and prolapse surgery, respectively. Forty-two percent (n 5 80) and 65% (n 5 121) reported symptoms of prolapse and urinary incontinence, respectively. Twenty-one percent (n 5 40) had fecal incontinence.
Clinically, 36% (n 5 69) had significant POP, that is, 24% (n 5 46) cystocoele, 13% (n 5 25) uterine/ vault prolapse, and 20% (n 5 39) rectocele. Eleven percent (n 5 22) had POP to the hymen and beyond. Mean Ba was 21.7 (SD, 0.9; range, 23-1.5) cm, mean C was 25.4 (SD, 1.5; range, 210 to 6.5) cm, mean Bp was 21.8 (SD, 0.9; range, 23 to 21.5) cm and mean Gh 1 Pb was 6.7 (SD, 1.1; range, 4-10.5) cm.
On imaging, 47% (n 5 91) had "sonographically significant POP" in the form of a cystocele, uterine Figure 5 . Midsagittal view of the pelvic floor demonstrating measurement of pelvic organ descent against a reference line placed through the symphysis pubis (SP); BN, bladder neck; C, cystocele; U, uterine descent; RA, descent of the rectal ampulla; LAM, levator ani muscle. Measurement of pelvic organ descent were -11.2 mm for bladder neck (2), -19.5 mm for cystocoele (3), -15.7 mm for uterus (4) and -13.8 mm for rectal ampulla (5).The minus (-) value signifies descent below the symphysis pubis. Of the 18 women who gave birth exclusively by cesarean delivery, none had LAM avulsion. Twentyeight percent (n 5 5 of 18) and 55.6% (n 5 10 of 18) had clinically and sonographically significant POP, respectively. Of the latter, 11.1% (n 5 2 of 18), 44.4% (n 5 8 of 18) and 27.8% (n 5 5 of 18) had significant cystocoele and uterine and rectal ampulla descent, respectively.
On univariate analysis, levator avulsion and LAD score were associated with clinically and sonographically significant POP, POP Stage 2b, Ba, cystocele, uterine and rectal ampulla descent, Gh 1 Pb, and levator hiatal area on Valsalva but not POP symptoms, C, and Bp (Table 1) . Women with LAM avulsion were approximately 3 times more likely to have clinically significant cystocele (OR, 3.4; 95% CI, 1.5-7.5; P 5 .002) and almost 5 times more likely to be diagnosed with uterine prolapse (OR, 4.9; 95% CI, 1.9-13.0; P 5 0.001). However, the association between LAM avulsion and clinically significant posterior compartment POP did not reach statistical significance (OR, 2.2; 95% CI, 0.9-5.2; P 5 .07). Strong associations were observed between LAM avulsion and sonographically significant POP. The likelihood of a sonographically significant cystocele and uterine prolapse was higher with avulsion at an OR of 7.0 (95% CI, 3.1-16.1), P < .001, and 4.6 (95% CI, 1.9-11.0), P < .001, respectively. Similarly, LAM avulsion doubles the likelihood of a sonographically significant rectal ampulla descent, that is, OR 2.4 (95% CI, 1.1-5.3), P 5 .03. LAD score is significantly correlated with measures of bladder descent clinically (Ba) and sonographically, uterine and rectal ampulla descent on TLUS, and hiatal area on Valsalva. The higher the LAD score, the lower is the pelvic organ position in relation to the SP. The area under the curve yielded by the receiver operating characteristics analysis is suggestive of LAD score being predictive of symptoms of prolapse and POP Stage IIb and above. However, it does not confer a superior performance compared to the discrete diagnostic system of "avulsion" or "no avulsion." Multivariate analysis controlling for potential confounders (determined from univariate analysis against objective POP at P 0.1) such as age, BMI and instrumental delivery, confirmed our findings. A subgroup analysis excluding those who had POP surgery showed similar findings with Ba, Stage 2b POP, sonographic measures of pelvic organ descent and hiatal area on Valsalva (Table 2) .
DISCUSSION
Main Findings
In this cohort study of women seen about 20 years after childbirth, we found a strong association between LAM avulsion and objective POP, with an OR of 2.6 (95% CI, 1.2-5.7) and 4.9 (95% CI, 2.1-11.1) for clinically and sonographically significant POP, respectively, with the strongest association in the anterior and central compartments. These results are consistent with other studies on this subject in symptomatic populations or at a shorter interval after a first birth, reporting odds of objective POP between 1.9 and 9.1.
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The role of vaginal childbirth in the etiology of POP is now well established. 42 During the second stage of labor, the LAM is stretched substantially by 25% to 250% of its original length, to allow the delivery of a term infant. 43 It is therefore not surprising that 10% to 30% women sustain avulsion, which is a traumatic detachment of the puborectalis muscle from its bony insertion. In this study, we found a 16% prevalence of avulsion, which is comparable to the 13% to 14% prevalence reported in earlier perinatal studies. 25, 44 However, it is slightly lower than the 18.6% reported by a previous study on a similar, albeit larger, cohort. 41 This difference may be explained by the higher rate of forceps-assisted first delivery in the previous study compared to ours (ie, 26.2% versus 23%). Forceps is an established risk factor for avulsion. 45 In this study, we found a 41% prevalence of women with symptoms of POP, which is relatively high given the fact that this is a general cohort. This is much higher than the reported 12% to 13% reported by 2 previous studies on a similar population at a similar interval after first delivery. 16, 41 This discrepancy may be due to differences in assessment technique, but it also may be explained by the fact that our study population are older (50.2 versus 47.9 years) with a longer interval from the first delivery (23 versus 19.7 years) compared to the previous study. Long latency between the first childbirth and presentation of POP has been demonstrated, with a mean latency of 33.5 (range, 3-66) years. 46 Another explanation could be that some of our respondents agreed to clinical assessments because they were symptomatic of pelvic floor dysfunction, resulting in a degree of selection bias.
Strengths and Limitations
The strength of our study lies in its design and the interval after the first delivery of a mean of 23 years, the longest in the literature to date. Most studies in the literature involve symptomatic cohorts or shorter followup intervals. At a mean age of 50.2 years, this cohort is now approaching menopause, and the likelihood of symptoms of pelvic floor dysfunction is increasing. Hence, this population is particularly appropriate for the investigation of the role of birth trauma in the development of POP, a condition that involves a long latency.
We also employed a more objective and repeatable form of assessment of POP (ie, clinically and by TLUS) and of LAM integrity. Although avulsion may be diagnosed clinically, palpation involves a long learning curve. It is therefore likely to be underdiagnosed on clinical examination.
As mentioned earlier, our study may be subject to possible selection bias as reflected in the high prevalence of POP symptoms. Both absence of information on menopausal status and possible selection bias should be acknowledged as a weakness of this study. However, any such factors are unlikely to affect the association between LAM avulsion and objective POP. Another weakness is the fact that our study population was mainly white; thus, results may not be applicable to other ethnic groups. Similar studies in populations of different ethnic backgrounds are recommended.
Interpretation
There was a strong association between levator avulsion and objective POP, especially of the anterior and central compartments, a mean of 23 years after a first birth. This confirms data obtained in several other studies in women at shorter time intervals after childbirth and in those symptomatic for pelvic floor disorders. The link between levator trauma and prolapse appears to be strongest for the anterior and central compartments, as previously shown in other populations. The effect size for those associations appears to be greater in this series compared to those with a shorter follow-up, suggesting that this relationship may become stronger over time.
Conclusion
Levator avulsion is associated with female POP, especially of the anterior and central compartments. This association may become stronger with aging.
